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A-1 INTRODUCTION 

At the request of the Apollo Spacecraft Program Office, Grumman has initiated a special 

study of the mission requirements associated with the entire lunar landing mission. This 
document is Volume 111 of the Progress Report on the results to date, 

The principal objectives of the overall study are  to: 

o Determine the mission-related , functional requirements for the spacecraft 

subsystems, and examine the present subsystem capabilities relative to these 
functional requirements for both nominal and contingency situations. 

o Evaluate the capability of the spacecraft to fly missions which meet the program 

mission objectives and determine the flexibilities available within the established 
control weights, 

o Provide the program with mission plans which can be the basis for other 

analyses and reporting. 

This study is intended to answer the question, "Are the functional requirements to which 

the spacecraft is being designed adequate for the Apollo Program objectives and consistent 
between modules?" 

As one means of studying the operational adequacy of the spacecraft design, it is intended 

to develop a detailed description of the sequence of events of a mission - a preliminary 

Reference Mission. The purpose of the Reference Mission is to provide a framework for 

a time-line study of the spacecraft and its systems which, in return, will reveal possible 
inconsistencies in operating capabilities. This mission description will include the 

operations from VAB Rollout through Retrieval , and the functional relationships between 
MSFN and the space vehicle. 

Section 4,  Volume I, of this report describes the approach being taken to the study of the 
Reference Mission. This volume summarizes the progress to date on the development of 
a reference sequence of events. 
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A-2 REFERENCE MISSION DESCRIPTION PROGRESS SUMMARY 

Since the performance aspects of the Reference Mission a re  secondary, a launch date and 

trajectory were recommended by MSC and adopted early in the study so that development 
of the sequence of events could proceed. The highlights of the Reference Mission are that 
launch will  be in daylight on 6 May 1968, and the 90,000-lb spacecraft is injected into a 
66.4-hr translunar-coast-free-return trajectory. The lunar landing is in sunlight at 
lo28'W/O03OfS selenographic coordinates. After  a lunar surface stay of 24.2 hr ,  the 
spacecraft is injected into a 92.4-hr transearth trajectory, which results in a daylight 

landing in the designated recovery area near Hawaii. A time and weight breakdown by 
major mission phases is shown in Table A-1. 

Table A-2 lists the abbreviations which have been used in preparing the sequence of events. 
Table A-3 presents the current status of the development of this sequence, The ground 
rules and assumptions which were used in preparing this work are  shown in Sections 3, 
4.2.2.1, and 4.3.2, in Volume I. The principal assumptions shown in 4.3.2 are repeated 
below: 

0 

0 

0 

0 

0 

0 

0 

The times indicated for the S-IVB vent cycles were selected arbitrarily and will 
be adjusted as data become available, 

The times indicated for the assumed four navigation sightings during earth orbit 

were selected so as not to conflict with the S-IVB vent cycles, and were scheduled 
to occur in daylight. 

All CSM navigation sightings are  landmark observations. 

At least 20 min is required following a last navigation sighting in earth orbit and 

prior to thrust initiation for TLI to perform the required operations. 

Communications during earth orbit indicate MSFN availability and not necessarily 

CSM crew participation with MSFN. 

The crew members do not enter LEM until passage through the outer Van Allen 
Belt. 

CM ECS has the capability to pressurize the interlock and LEM cabin following 
transposition and prior to separation. It shall also have the capability tb 

pressurize the interlock alone when final docking is accomplished. 
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o LEM/CSM umbilical connection is made following transposition and docking and 
provides the hard-line connection for accomplishing S-IVB separation, and 
provides a voice link for communication during translunar and lunar orbit LEM 

checkout. 

o A LEM translunar checkout is assumed. However, the desirability of this 
checkout is currently under study. Therefore, the description of the lunar orbit 
checkout assumes that no translunar check was performed. This results in 

duplication of system events in the time-line , which are noted in the text (e. g. , 
deployment of landing gear). 

o Only one crew member transfers into LEM to perform the translunar checkout. 

o The probe and drogue are  carried in the installed position in the interlock during 
translunar flight following LEM checkout. 

o The CM IMCT is placed on standby during portions of the translunar and transearth 

coast phases. (It is operated during all midcourse corrections and prior to the 
first and after the last in the translunar phase and after the last in the transearth 

phase. ) 

o Doff and don cycles have been arbitrarily selected and have not yet been optimized, 

o The transearth and translunar sleep cycles are  based on no one crew member 

being awake more than 18 hrs. 

o The translunar sleep cycle provides that the two LEM crew members a re  the 

last to sleep prior to LOI. 

o CSM IMU alignments are  required prior to all main propulsion AV phases, 

o CSM navigation sightifigs during h a r  orbit were zonfimd to +SO" Iongitddes becaise 

of poorer landmark accuracy in the outer lunar longitudes. 

o Six navigational sightings are  employed in lunar orbit between LO1 and LEM 

separation. (Ten navigation sightings a re  provided during CSM solo operations. ) 

o Prior to separation, LEM SCS is turned on in the direct mode. Use of this mode 

will not result in conflicting torques with respect to the CSM's attitude-hold mode 
of operation. 
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f o Two LEM IMU alignments are performed prior to separation using the LGC for 

both coarse and fine alignment primarily as an equipment checkout. 

o LEM is active during the separation and docking maneuvers in lunar orbit. Modes 
are manual. LEM separates to a distance of 500 ft .  

o Immediately after separation, the LEM rendezvous and landing radars track the 
CSM primarily as an equipment checkout. 

o The LEM rendezvous radar is deactivated immediately prior to powered descent, 

o The CSM radar tracks LEM from separation throughout LEM descent to 
touchdown. 

o The mode of flight control from LEM hover-to-touchdown is not specified. However, 

it is assumed that automatic, semiautomatic, and manual modes are  available 
for descent rate, translation, and attitude control. 

o The LEM descent engine shutdown occurs at 5 ft altitude, 

o There will be two PLSS units in LEM. They will be filled with water in lunar 

orbit prior to LEM spearation. The initial electrical and oxygen charge will 

be accomplished prior to earth launch. 

o There will be one PLSS unit in the CM. It will  be fully charged (electrical, 

oxygen, water) prior to earth launch. 

o Both PLSS units in LEM shall be fully charged prior to normal lunar launch, 

o Only one PLSS unit may be charged at a time. 

o Recharging of either PLSS may extend into the lunar prelaunch preparation phase or 
overlap a sleep period. 

o Only one crew member at a time is permitted on the lunar surface during normal 

operation. 

o During lunar surface operations, only one LEM crew member at a time is 
permitted sleep during rest periods while the other must remain on duty, 
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o A crew member leaving LEM for normal exploration must have a fully charged 
PLSS. 

o The minimum planned continuous sleep periods for each crew member, when on 
the lunar surface, are 4 hr. An additional 4 5  min of rest is provided for each 
member prior to start of the lunar prelaunch preparation phase. 

o Normal repressurization of the LEM cabin, when both crew members are inside 
the vehicle, will be from the gaseous oxygen tank. 

o Normal repressurization of the LEM cabin, when one crew member is on the 

lunar surface and the other is in the LEM, will be from the supercritical oxygen 

tank. 

o For the LEM lunar prelaunch preparation phase, 100 min is allotted, requiring 

that both crew members be awake. 

o LEM and CSM mutually radar-track each other during the CSM's first pass over the 

landing site after LEM touchdown and during the last pass over the site prior 
(2 hr) to LEM liftoff. 

o Immediately prior to launch, LEM and CSM mutually track each other. The LEM 
radar is deactivated just prior to ascent engine ignition. The CSM shall track LEM 

from liftoff through docking. However, the LEM rendezvous radar tracks the CSM 
immediately after ascent engine burnout through docking. 

o The LEM crew updates the LGC's knowledge of the CSM ephemeris at the last 

pass (2 hr) prior to launch. 

o LEM IMU is aligned prior to the CSM's last pass before launch. 

o The LEM ascent propulsion system is not pressurized until the lunar prelaunch 

preparation phase, 

o The LEM cabin shall be pressurized to 5 . 0  psia prior to norma! launch. 

o LEM ascent engine ignition and descent staging occur essentially simultaneously. 

o LEM RCS is used for all LEM midcourse corrections and rendezvous. 
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o LEM rendezvous scheme provides thrust at 5.0, 1.5, and 0.25 n mi range to CSM. 

o Docking begins at approximately 500 ft range to CSM. 

o LEM jettison is accomplished with the SM RCS. 

o The last transearth correction is performed 2 hr before entry. 

o The question of constraints on navigation sightings because of the sun's position 
during translunar and transearth phases, has not been considered. For example, 
the three sightings after the last transearth correction occur to a dark earth. 

The time-line format in Table A-3 is divided into three columns. The left column is for 

CSM crew activities and equipment functions ; the middle column is for mission time 
(in hours, minutes, and seconds) and is cumulative starting at zero (0O:OO:OO) for liftoff, 
and ending at touchdown at 196 h r ,  18 min, and 17 sec (198:18:17); the right column is for 
LEM crew activities and equipment functions. 
which are either instantaneous occurrences or the start and/or completion of a crew 

activity or equipment function, If a time is noted in parentheses adjacent to the event, it 
indicates the duration of the event. If no time is noted, it either indicates a point in time 
o r  that the time duration is unknown. It is not necessary that an event be completed before 

another event be initiated. Overlap of events indicate that, initially, the active crew 

members will  perform the prevalent event. If a new event begins prior to completion of the 

initial event, the active crew members will either perform the new event simultaneously 
(depending on the importance of the event) or  time-share both events. 

The items in capital letters are events 

The items in lower case letters are operational sequences which a re  the crew activities o r  
equipment functions necessary to perform the event. If a time is noted adjacent to the 

operational sequence it also indicates the duration of the operational sequence. 

The crew mew-bers are identified as  follows: 

Astronaut No, 1 - Systems Engineer (LEM and CSM) 

Astronaut No. 2 - Navigator (CSM) 

Astronaut No. 3 - Commander (LEM and CSM) 



I I I I I I 
At the beginning of the phase. 

** In the tralectory calculation, each S-IYS vent cycle was assumed to 
add 4 fps in the flight mrechon. This has been neglected in the table. 
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Table A - 1  

Reference Mission, Consuma bl e s  Not Expended, 
Launch 6 May 1968 at  1:32 P. M. Local Time 
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Table A-1  (cont) 

Reference Mission, Consuma bl es Not Expended, 
Launch 6 May 1968 at 1:32 P. M. Local Time 

PHASE 
NUMBER 

t 9.0------ L L  

61433.75  7 2 . 8 0 1  

3 1 5 6 3 . 7 5  73 .301 

9.1 LEM/CSM SEP- 
no 110 ..-a -pv -jeao TUNAR-ORBIT COAST (TO PHASE 13.0)  - ~ 

- 

-__ -___ 
T INSERTION 

~ - p ~  

POWEREDASCENT TO TRANSFER ORBIT INSERflSN 

E A A s t  TO E K H I N A L  RENDEZVCUS 
COASTING LUNAR ASCENT 

FIRST MIJDWURSE CORRE 

RSE CORRECTION 

us 

*At  beginning of phase 



AGC 
AOT 
A R S  

BUGS 
C 

CES 
CM 

c/s 
CSM 
CM-RCS 

C&I 

DSIF 

ECS 
E LS 
EPS 

FC 
F DAI 

Goss 

G&N 
IFTS 

IMLT 
LEM 
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Table A-2  

Abbreviations 

Apollo Guidance Computer 
Alignment Optical Telescope 
Atmosphere Revitalization Section 
Backup Guidance System 

Commander 
Crew Equipment System 
Command Module 
Commander and Systems Engineer 

Command and Service Modules 
Command Module -Re action Con- 

Communication & Instrumentation 

Deep Space Instrumentation 

Environmental Control System 

Earth Landing System 
Electrical Power System 
Flight Control 
Flight Direction Attitude Indicator 

Ground Operational Support 

Guidance & Navigation System 

trol System 

System 

Facility 

System (MSFN) 

ki-Fli@~t Test System 

Inertial Measurement Unit 
Lunar Excursion Module 

LES 
LGC 
LIOH 
LO1 
LOS 
MCC 
NSIF 

PCM 
PLSS 

PNGS 

RCS 
S 

s/c 
scs 

SM 
SM-RCS 

sox 
SPS 

TEI 
T LI 

T/M 

Launch Escape System 
LEM Guidance Computer 
Lithium Hydroxide 
Lunar Orbit Insertion 

Line-of -Sight 
Midcourse Correction 

Near Space Instrumentation 

Pulse Code Modulation 
Portable Life Support System 

Primary Navigation Guidance 

Reaction Control System 
System Engineer 
Spacecraft 
Stabilization & Control 

System 
Service Module 
Service Module-Reaction Con- 

trol System 

Supercritic a1 Oxygen 
Service Propulsion System 

Transearth Injection 
T r r n s l u a r  h-jection 

Telemetry 

Facility 

System 
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